Average concentrations of particulate matter with an aerodynamic diameter less than or equal to 2.5 m (PM 2.5 ) in Steubenville, OH, have decreased by more than 10 g/m 3 since the landmark Harvard Six Cities Study 1
INTRODUCTION
Concerns about airborne particulate matter (PM) with an aerodynamic diameter less than or equal to 2.5 m (PM 2.5 ) have arisen largely from the results of epidemiological studies that suggest a positive association between ambient average PM 2.5 concentrations and adverse health effects. Particulate air pollution has been linked to mortality 1, 2 and to cardiovascular and respiratory morbidity. [3] [4] [5] In response to these findings, the U.S. Environmental Protection Agency (EPA) announced a new National Ambient Air Quality Standard (NAAQS) for PM 2.5 in July 1997, which set an annual limit of 15 g/m 3 (averaged over 3 yr) and a 24-hr limit of 65 g/m 3 (98th percentile, averaged over 3 yr). 6 Steubenville, OH, has long been a focus of particulate air pollution studies. Located along the Ohio River ϳ36 miles (58 km) to the west of Pittsburgh, Steubenville is situated in a highly industrialized area that includes coke plants, metal smelting and processing plants, and coalfired electric power plants. Rural areas surround the city, and the region experiences distinct seasons characterized 12, 2000, through May 14, 2002 , which were analyzed to determine mass concentrations of elemental carbon (EC) and organic carbon (OC), as well as the acid-digestible concentrations of 21 elements. Additionally, PM 2.5 , gaseous co-pollutants (SO 2 , NO x , CO, O 3 ), and meteorological conditions were monitored continuously during the program, and pollen and mold spores were collected daily. The monitoring station was situated on the campus of Franciscan University of Steubenville atop a bluff overlooking the Ohio River at a height of ϳ110 m. The former Six Cities Study monitoring site had been located on the same campus ϳ0.3 miles southwest of the SCAMP site at a similar elevation. The campus is located in the northern part of Steubenville, and it is within a few miles of several major industrial facilities.
The four satellite sites were situated in comparatively rural areas. Relative to Steubenville, the sites were located 12 miles to the north at Tomlinson Run State Park (N) in New Manchester, WV; 14 miles to the west at Hopedale (W), OH; 20 miles to the south on the campus of Wheeling Jesuit University (S) in Wheeling, WV; and 67 miles to the east on the campus of Saint Vincent College (E) in Latrobe, PA. As illustrated in Figure 1 , the Pittsburgh metropolitan area separates the eastern site from the other monitoring sites. The southern site was most similar to Steubenville, because it was located less than 2 miles from the center of Wheeling, a city of ϳ30,000 people located along the Ohio River. At each of the four satellite sites, PM 2.5 was collected daily from May 13, 2000, through May 14, 2002 , according to the FRM, and its composition was analyzed every fourth day (beginning May 16, 2000) to determine the mass concentrations of ionic species and the water-extractable mass concentrations of 21 elements. This paper focuses on the 24-hr average concentrations of PM 2.5 , PM 10 , ions, and carbon measured by the SCAMP outdoor ambient air monitoring network. Throughout SCAMP, the 24-hr sampling period for a given day occurred from 9:00 a.m. on that day until 9:00 a.m. on the following day to be consistent with the indoor and personal sampling program.
Experimental Methods PM 2.5 and PM 10 were collected and determined according to the FRMs for PM 2.5 and PM 10 , respectively. Procedures were consistent with the guidelines outlined in the EPA Quality Assurance Guidance Document 2.12. 15 Concentrations of NH 4 ϩ , NO 3 Ϫ , SO 4 2Ϫ , and Cl Ϫ were determined by ion chromatography from samples collected on FRM filters. The water-soluble components of the PM sample were extracted ultrasonically from a Teflon filter with deionized water; anionic species and NH 4 ϩ were determined from separate aliquots of the leachate. Because the actual raw readings for determinations below the detection limits of the instruments were not available, these determinations were set equal to half of the detection limit value. Mass concentrations of Cl Ϫ determined from exposed FRM filters are reported in this paper; however, because Cl Ϫ contamination is difficult to control and Cl Ϫ accounts for a very small portion of total PM 2.5 mass in the Steubenville region (many Cl Ϫ determinations were below the detection limit), no trends or conclusions are drawn from these data. At Steubenville, carbon species were collected every fourth day on a quartz filter with a Thermo Andersen PM 2.5 Speciation Sampler (RAAS2.5-400; Andersen Instruments Inc., Smyrna, GA), with the carbon channel operating at a flow rate of 7.5-8.5 L/min. No denuder was used in series with the quartz filter. Before use, the quartz filters were prepared by firing to 600°C for 4 hr to remove carbon background. Separate field blanks corresponding to each exposed filter were used to assess the carbon background experienced during handling and storage. To determine the 24-hr average concentrations of EC and OC, a square of known area was punched from the exposed filter and analyzed with a Sunset Laboratory Thermal Optical Transmittance (TOT) Analyzer (Sunset Laboratory Inc., Tigard, OR). The procedure used a thermal program similar to that followed by the EPA Speciation Trends Network, 16 but it was modified slightly in accordance with the instrument manufacturer's recommendations. For each exposed filter, results were adjusted to account for background carbon by subtraction of the corresponding field blank. Daily average concentrations of EC and OC were then calculated based on the masses determined by this method and the volume of air sampled. Additionally, the concentration of OC was multiplied by a factor of 1.4 to estimate the concentration of organic material (OM). Turpin and Lim 17 suggest a factor of 1.4 -1.8 for approximating the average molecular weight per carbon weight for urban organic aerosols. Lacking additional information specific to Steubenville, we used the conventional low-end value of 1.4 for this analysis to avoid overstating the mass contribution of OM.
It is important to recognize that the FRMs for PM 2.5 and PM 10 do not employ denuders to scrub reactive gases, back-up filters to collect revolatilized material, or blank correction methods to adjust for exposure during handling and storage. Thus, concentrations of PM and its components measured by these methods can deviate from the true ambient concentrations. Biases for semivolatile species, including NO 3 Ϫ , NH 4 ϩ , and OC, have been documented. 18 As an example of bias in the FRM, NO 22 recently criticized studies that relied solely on the use of Pearson correlations to assess spatial variability, arguing that these correlations should be reported alongside a statistic that measures uniformity in the magnitude of concentrations. These studies, however, have generally failed to address important statistical issues, most notably autocorrelation, that are relevant to air monitoring time series data. Pearson correlations, simple linear regression analyses, and t tests only provide meaningful results if the assumptions upon which they are based are reasonably satisfied. In addition to requiring a correctly specified linear model, linear regression assumes that the error component is normally distributed, statistically independent (random), and homoskedastic (has a constant variance). A paired t test assumes that the differences between the two variables under consideration are randomly sampled from a normally distributed population. Raw ambient air pollutant concentration data frequently fail to meet these assumptions.
It is most serious that the assumption of randomness (statistical independence) is violated because of serial or autocorrelation. For a time series of observations, the lag-k autocorrelation coefficient is the correlation between the observations in the series and the corresponding observations in the same series occurring k time intervals earlier.
Granger and Newbold 23 discuss the possible occurrence of spurious correlations when serial dependencies are not appropriately handled, and Milionis and Davies 24 specifically emphasize the need to account for autocorrelation when analyzing air pollution data. Time series of daily data may exhibit autocorrelation at 1-or several-day lags, as well as at weekly and seasonal lags. If not properly addressed, serial correlation can lead to an incorrect conclusion about the existence or strength of a relationship between two time series. As a simple example, NO 3 Ϫ concentrations in the Steubenville region exhibit a pronounced seasonal pattern. If serial correlation is not considered, it is difficult to determine whether a correlation observed between NO 3 Ϫ concentrations measured at two distinct sites is truly indicative of an association between day-to-day fluctuations in NO 3 Ϫ levels at the sites or rather is simply induced by the predominance of the seasonal pattern. Thus, before performing linear regression analysis to study PM 2.5 and component data collected during SCAMP, the time series were transformed by the natural logarithm, square root, or fourth root, to render their error distributions more normal. Such transformations also often help to improve homoskedasticity. For each transformed variable, serial dependencies were identified in the standard way by examining the autocorrelation function (ACF) and partial autocorrelation function (PACF) plots. Where necessary, autocorrelation at early lags was modeled with an autoregressive integrated moving average (ARIMA) model. 25 The general form of an ARIMA (p, d, q) model representing a time series, X, of appropriately transformed air pollutant concentrations is
where 26 Seasonal patterns and other nonstationarities were removed by the inclusion of first-order differencing in the ARIMA model or by subtracting out a 3-month moving average before modeling, when appropriate. A suitable model was selected by minimizing the Akaike information criterion (AIC), provided that the estimated parameters were reasonable and statistically significant. In all analyses presented in this paper, statistical significance was determined at a significance level (␣) of 0.05. Residuals from the model were examined with an ACF plot and Ljung-Box tests for randomness to verify their statistical independence. The residuals obtained by transforming and modeling (where necessary) a series according to this procedure are henceforth referred to as the "adjusted" values of that series. These adjusted values were used in the simple linear regression analyses.
Examples of the transformation and form of the time series model applied to PM 2.5 and major component variables measured during SCAMP are shown in Table 1 . The effect of adjusting data according to the ARIMA modeling procedure described above is demonstrated in Figure 2 , which shows ACF plots for log-transformed NO 3 Ϫ data measured at the northern satellite site before (a) and after (b) adjustment with an ARIMA model. Figure 2a reveals that even though NO 3 Ϫ was determined on a less-thandaily (1-in-4-day) frequency, the NO 3 Ϫ time series exhibited statistically significant autocorrelation at early lags. ARIMA modeling was successful in removing this statistically significant autocorrelation, as shown in Figure 2b . The removal of autocorrelation caused a 53% reduction in the variance of the data, indicating that much of the variability in the original time series could be accounted for by serial correlation. Figure 3 evaluates the randomness of residuals from simple linear regression of eastern site NO 3 Ϫ versus northern site NO 3 Ϫ with log-transformed (a and c) and adjusted (b and d) data sets. Residuals from regression analysis with log-transformed data that were not ARIMA-adjusted exhibited small but statistically significant autocorrelations at 4-and 8-day lags (a); Ljung-Box test results (c) confirmed that these residuals are not random at ␣ ϭ 0.05. The use of ARIMA-adjusted data sets eliminated the problem of autocorrelated residuals (b) and satisfied the assumption of randomness (d). When ARIMA-adjusted rather than log-transformed data were used in the simple linear regression analysis, R 2 decreased from 0.57 to 0.30, and the P-value testing the hypothesis that the slope of the regression line is equal to zero increased by 4 orders of magnitude, although it remained less than 0.0001. Despite these efforts, the residuals of several regression analyses with ARIMA-adjusted data still exhibited a minor amount (on the order of r ϭ 0.2) of statistically significant autocorrelation at an early lag. For the purposes of this paper, given practical limitations, no further adjustments were made in these instances. However, to better handle these cases, a single model with moving average parameters fitted to the autocorrelated error structure and simultaneous estimation of all regressive and autoregressive parameters would be required. Such a model was applied to an example case in which PM 2.5 values measured at the northern site were regressed against those measured at Steubenville. Use of the more sophisticated model did not substantially alter the results. For simple linear regression with adjusted values, the slope was 0.69 Ϯ 0.02; the slope estimated by the more sophisticated model was 0.68 Ϯ 0.02. For both models, the intercept was not significantly different from zero.
When examining spatial uniformity in the magnitude of PM 2.5 and component concentrations, paired t tests were required to test whether concentrations measured at Steubenville were significantly greater than those measured at satellite sites. Differences between Steubenville and satellite site concentration pairs were not normally distributed; hence, differences between logtransformed concentrations were used. The tests, then, ultimately examined whether the mean ratios of the Steubenville concentrations to the satellite site concentrations differed significantly from one. ARIMA models were fit to those series of differences that exhibited serial correlation. The intercept term of the ARIMA model is a function of the mean difference such that ϭ /(1 Ϫ 1 Ϫ 2 Ϫ . . . Ϫ p ). Values of and its standard error (SE) were estimated as part of the ARIMA modeling process; SE computed in this way provides an estimate of the uncertainty that accounts for the presence of autocorrelation. Thus, the t tests were performed with these ARIMAestimated values. p-Values resulting from tests performed with this time series procedure were often substantially greater than p-values resulting from simple paired t tests applied to raw data, indicating that the use of these simple t tests yields misleading conclusions about statistical significance for autocorrelated observations. For example, a simple paired t test performed on the differences between SO 4 2Ϫ concentrations measured at the Steubenville and western sites yielded a p-value of 3.1 ϫ 10 Ϫ7 ; when the modified procedure was used, the p-value increased to 2 ϫ 10 Ϫ3 . , or by 37.8%, since Six Cities Study investigators associated Steubenville's PM 2.5 concentrations with mortality by using PM 2.5 data collected between 1979 and 1985. 1 The substantial longterm decrease in PM 2.5 concentrations is likely attributable to advances in the application of air pollution control technology and to the decline of steel and other manufacturing industries in Steubenville. Nevertheless, the mean PM 2.5 concentration measured at Steubenville during SCAMP exceeded the annual NAAQS for PM 2.5 by 3.4 g/m 3 . In fact, more than half of all valid PM 2.5 concentrations measured at Steubenville were greater than 15 g/m 3 . Although based on only 2 yr rather than the required 3 yr of data, these findings suggest that a at the five SCAMP monitoring sites. Table 3 summarizes the ionic composition of PM 2.5 measured at each of the sites. On average, the PM 2.5 composition was fairly homogeneous regionally, with the four ionic species accounting for more than half the total mass. However, the composition experienced on a particular day could deviate appreciably from this average, as evidenced by the ranges listed in the table. The almost 50% of PM 2.5 mass not accounted for by the four ions is likely composed of carbon species, crustal material, trace elements, and some water. Measurements of EC and OC at Steubenville confirmed their significance as components of PM 2.5 . On average, EC accounted for 4.7% and OM accounted for 25% of the total PM 2.5 mass, leaving ϳ19% unaccounted for. Again, the weight percentages of these carbonaceous components were variable from day to day, ranging from a 10th percentile of 1.9% to a 90th percentile of 8.3% for EC, and from a 10th percentile of 13.5% to a 90th percentile of 40.1% for OM. The high average relative abundance of fine OM, which consists of hundreds to thousands of different components that have not been well characterized, 28 emphasizes the need for additional research on the health effects of the components of PM 2.5 . Table 2 also summarizes the concentrations of PM 10 and its components measured at Steubenville, as well as the contribution of coarse PM (PM 10 -2.5 ) and its components to these concentrations. Concentrations of PM 10 -2.5 and its components were computed by difference. Negative values reported for the coarse fraction indicate the presence of measurement errors in the FRMs. On average (geometric mean), PM 2.5 accounted for ϳ66% of the mass of PM 10 at Steubenville. Nitrate and especially sulfate and ammonium tended to be more prevalent in the fine fraction than in the coarse fraction. The relatively large unexplained portion of the coarse fraction likely includes an abundance of dust and crustal materials emitted by primary sources, as well as some carbonaceous species and trace elements.
RESULTS AND DISCUSSION

Temporal Variability
Temporal patterns among PM 2.5 and its components are now studied to gain further insight into the nature of PM 2.5 in the Steubenville region. Despite exhibiting statistically significant autocorrelation at 1-and several-day lags, PM 2.5 concentrations in the Steubenville region exhibited appreciable day-to-day variability. The average magnitude of the day-to-day change in PM 2.5 concentration ranged from 5.3 to 7.6 g/m 3 at the five monitoring sites, with daily positive and negative changes of 40 g/m 3 or more observed in several instances.
Seasonal patterns in PM 2.5 concentrations are examined in Figure 4 . The box plots in Figure 4a show that PM 2.5 concentrations of 40 g/m 3 or more could occur at Steubenville during any season of the year. Based on the monthly averages plotted in Figure 4b , PM 2.5 at all five sites exhibited a pronounced seasonal trend of higher summertime and lower wintertime concentrations. Mean August concentrations at the five sites ranged from 19.2 to 27 g/m 3 , whereas mean December concentrations ranged from 9.3 g/m 3 to 13.1 g/m 3 .
To better understand the nature of the observed seasonal variations in PM 2.5 , seasonal patterns in the concentrations of its major components were studied. Figure 5 shows mean monthly concentrations of major ionic and carbonaceous components measured at Steubenville. Although not shown, seasonal patterns in the concentrations of SO 4 2Ϫ , NO 3 Ϫ , and NH 4 ϩ measured at the four Concentrations of PM 2.5 and of its ionic components did not display substantial day-of-the-week trends. Trends in EC and OM at Steubenville were more pronounced, as illustrated in Figure 6 . Concentrations generally built through the workweek from Sunday through Thursday and then declined to near-initial levels on Friday and Saturday. This suggests the influence of some currently unknown anthropogenic emission source that follows a similar weekly pattern.
Spatial Variability
Linear regression analysis was used to study whether daily PM 2.5 concentrations measured at the five SCAMP monitoring sites were correlated. As described previously, the analyses were performed with adjusted data sets, so that the reported relationships are not influenced by the effects of serial correlation present in each raw data set. In all cases, the removal of autocorrelation via ARIMA modeling caused a reduction in the apparent strength of the relationship between PM 2.5 concentrations at any two sites being compared. However, even after accounting for early-lag autocorrelation and seasonal trends, daily adjusted PM 2.5 values for all possible site pairings exhibited positive, statistically significant (p Ͻ 0.001) linear relationships. Figure 7 plots R 2 values describing these siteto-site relationships among adjusted PM 2.5 data as a function of distance between the sites. These results indicate that between 43% and 63% of the variance in the adjusted PM 2.5 values at one site can be accounted for by the adjusted PM 2.5 values at any of the other four monitoring sites. The plot also reveals a general decrease in the strength of the relationship between sites as the distance separating them increases, although this trend is only manifest when the full domain of distances is considered. It is possible that the trend is due to the influence of emissions from the Pittsburgh metropolitan area on the most remote eastern site rather than to distance itself, because it is only observed when relationships between the eastern site and the sites west of Pittsburgh are considered. Finally, at comparable distances of separation, it appears that satellite sites tend to be better correlated with each other than with Steubenville. Similar regression analyses were performed for all site pairs with adjusted sulfate, nitrate, ammonium, and "other" (by difference) data. Again, even after removing serial correlation from each data set, adjusted values for each of these components exhibited positive, statistically significant (p Ͻ 0.01) linear relationships for all possible site pairings. Figure 8 shows R 2 values obtained from the regression analyses for each component plotted as a function of the distance separating the sites being compared. Sulfate, ammonium, and the "other" component displayed rather strong spatial relationships, with the regression models accounting for 33% to 88% of the observed variance. Site-to-site NO 3 Ϫ relationships were not as pronounced, with R 2 values ranging from 0.11 to 0.54. For all of the components, a decrease in the strength of the intersite relationship was observed with increasing distance. Again, the influence of the Pittsburgh metropolitan area may account at least in part for the observed trend. These results indicate that PM 2.5 and several of its major components display an appreciable amount of regional homogeneity. Concentrations at distinct locations tend to vary together to some extent over and above variations that are induced by serial correlation. In general, for sites separated by up to 30 miles, distance has no obvious effect on the strength of the relationship between the two sites. As the separation distance is increased to 60 -80 miles, a downward trend in strength is observed. However, it is important to note that the eastern site, despite being separated from the other four sites by over 60 miles and by the Pittsburgh metropolitan area, nonetheless exhibits statistically significant positive correlations with each of these sites for PM 2.5 and for the four components that were studied. These results are consistent with previous studies 33, 34 that provided evidence of the influence of long-range transport and regional meteorology on variations in PM 2.5 concentrations in the eastern United States. The effect of meteorology on PM 2.5 concentrations measured during SCAMP is examined in the second and third papers in this series.
The results obtained here according to statistical procedures that account for the autocorrelated nature of PM 2.5 data are also generally consistent with the findings of previous studies that did not account for autocorrelation. On the basis of simple graphical comparisons, Robinson et al. 35 reported that in the Pittsburgh area, PM 2.5 concentrations measured at five distinct monitoring sites were well correlated. Sulfate concentrations were more strongly associated across the sites than total PM 2.5 mass concentrations, whereas variations in nitrate concentrations were less regionally homogeneous. Hansen et al. 21 reported similar findings for the southeastern United States on the basis of simple Pearson correlations. Pinto et al. 22 reported that PM 2.5 mass concentrations at four monitoring sites in the Steubenville-Weirton MSA were well correlated for all site pairs (r ϭ 0.8 -0.88), whereas correlations among site pairs in the Pittsburgh MSA, although appreciable, spanned a wider range (r ϭ 0.58 -0.94). The agreement between these previous findings and the findings presented in this paper suggest that simple descriptive statistics and correlation analyses applied to raw PM 2.5 data may be sufficient for drawing general conclusions about trends in the spatial variability of PM 2.5 and its major components. However, adjustment for autocorrelation was not a futile undertaking because it allowed autocorrelation to be ruled out as a potential Data were adjusted before regressing to normalize them and remove serial correlation.
cause for the observed associations. Any study that has not considered autocorrelation risks the possibility that once autocorrelation is accounted for, the significance of the result will change drastically. Examples provided in the Statistical Methods section highlighted this possibility. Analyses attempting to assess statistical significance or to precisely quantify relationships among sites for comparative or predictive purposes must account for autocorrelation to obtain meaningful results. The effect of urban versus rural location on PM 2.5 and component concentrations was studied via the modified paired t test procedure that has already been described. Table 4 presents the p-values obtained from these analyses. The mean raw differences between the Steubenville and satellite site concentrations and the percentage of days for which the Steubenville concentrations were greater than the satellite site concentrations are also provided. In all cases but one, PM 2.5 and component concentrations at Steubenville were significantly higher than concentrations at all four satellite sites, indicating the influence of local sources at Steubenville. The SO 4 2Ϫ concentration at the southern site, whose setting was most similar to Steubenville, did not differ significantly from that at Steubenville. PM 2.5 and component concentrations measured at the northern and western sites are most representative of regional "background" concentrations in the Steubenville area. These sites were situated in relatively rural areas that are not generally directly downwind of emissions from Steubenville or Pittsburgh. The sites were located closer to Steubenville than the southern and eastern sites, but they were the only two SCAMP sites whose overall mean PM 2.5 concentrations did not exceed the annual NAAQS. Adjusted sulfate values for the northern and western sites were more highly correlated (R 2 ϭ 0.88) than for any other site pair, suggesting that these sites are representative of regional background concentrations of secondary PM 2.5 .
Assuming that the northern and western sites are regional background sites, the data in Table 4 
Relationships among Components
To study interrelationships among components of PM 2.5 , linear regression analyses were performed with adjusted data for pairs of components measured at Steubenville. Table 5 presents the results of these analyses. All of the intercomponent relationships are positive and statistically significant; however, those involving NO 3 Ϫ appear to be the weakest, even after accounting for the strong seasonal patterns that affect this variable. Statistically significant relationships among the sulfate, carbon, and "other" components, which have R 2 values between 0.2 In fact, the summertime molar ratio of NH 4 ϩ to SO 4
2Ϫ
ranged from a 25th percentile of 1.8 to a 75th percentile of 2, suggesting that the majority of fine particulate sulfate collected on the filter was fully neutralized. However, this result is potentially due to an artifact by which acidic sulfate collected on the Teflon filter could react with airborne NH 3 during sampling and handling, causing a misrepresentation of the extent to which the actual sampled sulfate was neutralized. Sampling techniques designed for the determination of aerosol acidity have attempted to prevent this potential artifact by employing a denuder to remove NH 3 from the sampled airstream; 37 however, the FRM does not use such a denuder. The appreciable correlation observed between EC and OM is possibly attributable to the presence of substantial primary emissions of OM, which likely originates from some of the same sources that emit EC. Further linear regression analyses were performed to determine whether any component of the PM 2.5 at Steubenville might be responsible for driving elevated fine particulate concentrations and whether PM 2.5 or any of its components were related to PM 10 -2.5 . Adjusted values were again used in the analyses. The results are presented in Table 6 . Adjusted values of each fine fraction component (x) were regressed against adjusted values of the difference between PM 2.5 and that fine fraction compo- The association for NO 3 Ϫ was not nearly as strong.
The results in . Statistical issues such as autocorrelation that have been overlooked by many PM 2.5 studies were also considered. Analyses presented here show that statistically significant autocorrelation should be considered when examining time series of PM 2.5 or PM 2.5 component data collected at frequencies of 1-in-1 to 1-in-4 days, because it can account for a substantial portion of the variability in these time series and lead to incorrect conclusions about statistical significance. ARIMA models generally proved effective in accounting for this autocorrelation, and they were applied in this paper when necessary. Results of spatial analyses presented here that accounted for autocorrelation were generally consistent with the conclusions of previous descriptive studies. However, the ARIMA examples that were presented, which showed that pvalues can change by several orders of magnitude upon properly adjusting for autocorrelation, suggest that analyses attempting to assess statistical significance or precisely quantify relationships among time series of PM 2.5 data for comparative or predictive purposes must account for autocorrelation to obtain meaningful results.
